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(71) We, BOG International Limi- 
ted, (formerly the British Oxygen Com- 
pany Limited), an English company, trad- 
ing as Edwards High Vaotum Inter- 
national) of Manor Royal, Crawley, Sus- 
sex. England, an En^ish company, do here- 
by declare the invention, for which we pray 
that a patent may be granted to us, and 
the me&od by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention relates to vacuum gauges, 
and particularly to the type known as 
Penning gauges, which are cold ca&ode 
ionisation gauges, in which a magnetic field 
is used to lengtiien the electron path, and 
thereby increase the number of ions pro- 
duced. 

Ionisation gauges rely for their operation 
on ionising the atoms and molecules of the 
gas of which the pressure is being measured 
by bombarding the gas with electrons of high 
energy. The electrons are energised by sd)- 
jecting them to strong electric fields. 

To initiate a discharge, some free elec- 
trons must be present within the gauge en- 
velope and a certain number are likely to 
arise due to random events. Free electrons 
are accelerated towards the anode by the 
apph'ed potential gradient. There is a prob- 
ability that some will make collision with 
residual gas molecules, producing ionisation 
of the molecules and the release of further 
electrons. The newly-released electrons will 
be similarly accelerated and may produce 
further gas collisions, ions and electrons. 
The ions arising from electron collisions 
will be accelerated towards the cathode 
and, when they strike it, may cause the re- 
lease of further electrons by secondary emis- 
sion processes. 

For a discharge to be built up and sus- 
tained the rate at which new free electrons 
are generated, by collisions within the gas or 
by secondary emission, must initially exceed 
the rate at which electrons are captured 
by the anode. Unless free electrons are pro- 
duced at a greater rate than the capture rate 



then the discharge will fail to establish it- 
self. 50 

When the discharge is fully established it 
stabilises at a level sudi that the flows of 
ions and electrons to the cathode and anode 
respectively reach a value which is depend- 
ent on the number density of gas molecules 55 
within tiie discharge chambea: of the gauge, 
and tiius the ion current may be used as a 
measure of the gas pressure. 

When a gauge of the type described above 
is switched on at a low pressure it may fail 60 
to ''strike'^ (lq. a disdiarge may fail to 
establish) for a considerable time. At low 
pressures the chance of randomly-occurring 
free electrons is reduced, as also is the 
chance of such electrons making numerous 65 
collisions with residual gas molecules, so 
that they produce less ions and additional 
electrons in their journey to the anode. 

The difficulty discussed above is greatly 
accentuated if the electrode structure of the 70 
gauge (particularly the cathode) has be- 
come coated with contaminating layers. Such 
contamination can very greatly reduce the 
probability of secondary electrons being 
emitted as a result of the bombardment of 75 
the cathode by gas ions. Electrons produced 
by secondary emission are often of great im- 
portance for the proper establishment of a 
discharge after the gauge is switched on. at 
low pressures. 80 

Vacuum gauges of the type being dis- 
cussed are very frequently employed in asso- 
ciation with industrial high vacuum systems 
where many sorts of contamination, includ- 
ing organic vapour contaniination, may en- 85 
ter the gauge head from the pumping system. 
Organic vapours may become adsorbed onto 
the electrode surfaces, which may affect their 
secondary emission characteristics. Due to 
the continuous bombardment of the elec- 90 
trodes by charged particles, adsorbed organic 
layers may be chemically modified to pro- 
duce polymerised layers of solid contaminant 
which may progressively grow thicker as 
contamination proceeds. Such contamina- 95 
tion is particularly effective in inhibiting tlje . 
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proper establishment of the discharge when 
the gauge is. switched on under vacuum 
conditions, and is a common cause of diffi- 
culty in the application of these gauges for 
5 industrial systems. Regular and tedious 
cleanmg of the gauge electrode structures 
may be necessary. 

It is a known technique to include in the 
discharge chamber of the gauge a source of 
10 charged particles, for example, a body of 
radioactive material, and this may be sup- 
ported from the anode or from the cathode 
structure, the best site defending on the 
^pe of radioactive material selected (a 
15 source of alpha particles would best be asso- 
ciated wth the anode and of beta particles 
wfli the cathode). Even a weak such source 
can emit diarged particles m such abund- 
ance that adequate free electrons are pro- 
20 duced in the ionisation chamber to emm 
the rapid establishment of a discharge even 
though the gauge structure is considerably 
contanunated. 
The use of radioactive material in the 
25 manner described above is not a complete 
solution to the problem of ensuring reliable 
establishment of a discharge, because of the 
possibility that the radioactive source itself 
may be affected by the accumulated contami- 
30 nation in the gauge by physical masking by 
polymerised layers. For example, a very 
convenient radioactive material is thoiia, 
which is a source of alpha particles and 
which is appropriately .mounted on the 
35 anode. A layer of thoria can be conveni- 
ently applied over part or all of the anode 
surface. However, the anode is particu- 
larly prone to contamination by the accu- 
mulation of polymerised layers arising from 
40 the organic vapours entering the discharge 
space, and the thoria coating can become 
buried and its effectiveness very greatiy re- 
duced. If mechanical cleaning of tiie anode 
is attempted it is probable that the thoria 
45 layer will be removed along with die con- 
tamination. 

If the gauge can be designed so that a re- 
gion providing suitable sites for the mount- 
ing of a radioactive source can be provided 
50 on the side of the discharge chamber remote 
from the vacuum system, and so that con- 
tamination could reach the source only after 
passage through tiie discharge chamber, tiien 
the source would, in large measure, be pro- 
55 tected from tiie most troublesome types of 
system-arising contamination because organic 
vapours migrating from flie system would 
tend to be ionised, trapped and polymerised 
in the intense discharge in tiie discharge 
60 chamber, and the region be^fond would ex- 
perience a greatiy-reduced migration of con- 
tanunating vapours. 

Accordingly die present invention provides 
a higji vacuum gauge of tiie cold catiiode 
65 ionisation type employing a magnetic field 



to lengthen the electron path, including at 
least one radioactive source of charged par- 
ticles positioned within the gauge but out- 
side the discharge chamber thereof and on 
the side remote from the gas mlet of the 70 
gauge in such a manner that gases and 
vapours from the gas inlet cannot reach the 
source of charged particles without travers- 
ing the discharge chamber. 

According to a preferred feature of the 75 
invention the said source is located in a re- 
gion where magnetic field intensity is low 
compared with that in tiie discharge cham- 
ber so tiiat any discharges arising are less 
intense. ^0 

According to one feature of the present 
invention, tiie radioactive material is in the 
form of a layer of material coated or other- 
wise deposited on a normal component of 
the gauge. ^5 

The present invention will now be des- 
cribed by way of example with reference to 
the accompanying drawing, which is a dia- 
grammatic axial section of the basic com- 
ponents of a Penning gauge of the present 90 
invention. 

The measuring head 2 of the Penninjg 
gauge comprises basically a hollow cylindri- 
cal body 4 of metal of which the interior is 
in communication with the equipment 5 be- 95 
ing evacuated and of which tiie gas pressure 
is to be measured. 

The inner bore of body 4 is formed near 
one end with a circumferential step 6 against 
which abuts one of three cathode cups 8. 100 
Each cup has a cylindrical wall 10 and a 
planar end wall 12. All the end walls are 
perforated, as at 14, to allow gas to flow to 
and from the interior of the gauge head 2 so 
that the pressure in the interior of the gauge 105 
head is suways the same as that in the asso- 
ciated evacuated equipment 5. 

Extending coaxially along the interior of 
body 4. and into the interior of the dis- 
charge chamber 7 defined by the two opposed 110 
cathode cups 8, is an anode 16 extending 
from an end cap 18 which is secured to the 
outer end of the body 4 by means of a nut 
19. 

Trapped between the end cap 18 and 115 
bevelled inner edges of the respective end of 
body 4 is an 0-ring 21 designed to make 
fluid-tight the contact between end cap 18 
and body 4. 

Extending between the end cap 18 and 120 
the nearest cathode cup 8 is a compression 
spring 20, which is effective to bias the three 
cathode cups axially into contact with each 
other and against step 6. 

As can be seen from the drawing, the 125 
anode 16 extends through central apertures 
22 in the cathodic end walls 12 which are 
nearer to cap 18. For the gauge to oper- 
ate, a direct potential difference of the order 
of 2.5 kV is established between anode 16 130 
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and the cathode cups 8 by means of a high 
tension source 23 in series with a switch 25. 
The size of the apertures 22 is chosen so 
that the radial clearance between anode 16 
5 and the edges of these apertures is suflScient 
to ensure that a steep potential gradient is 
established across this gap without its ex- 
ceeding the breakdown potential of the gap. 
Although these are not shown in the draw- 
10 ing. it will be understood by vacuum ex- 
perts that means associated with the ^uge 
head 2 will be provided to measure the ion 
current which would arise by the flow of ion- 
ised molecules between the electrodes under 
15 the influence of the electric gradient Posi- 
tioned around the exterior of body 4 there is 
a permanent magnet 27 adapted to apply a 
high-intensity magnetic field directed sub- 
stantially parallel to the axis of body 4 and 
20 anode 16 in the interior of the cathode cups. 
The effect of this magnetic field is to cause 
electrons or otiier charged partides pass- 
ing between the electrodes to travel in spiral 
paths. This thus causes the electrons in 
25 particular to travel for far longer distances 
in the interior of the discharge chamber, be- 
fore being captured by the cathode, than 
would be the case if the electrons travelled 
merely radially, as they would in the absence 
30 of the magnetic field. This considerable ex- 
tension to the length of the path of die elec- 
trons increases significantiy the chances that 
an electron will hit and ionise a gas atom or 
molecule before it is captured by die anode. 
35 However, as already mentioned, at high de- 
grees of vacuum, when die electric field is 
first applied (by closing switch 25), there 
may be insufficient electrons to give rise to 
a sufficient number of ionising collisions to 
40 produce a discharge and for the gauge to 
start indicating properly. Thus, in accord- 
ance with the present invention, quick "start- 
ing" of the gauge is ensured by providing 
continuously sufficient charged particl^ in 
45 the discharge chamber to initiate ionismg 
collisions. 

The anode 16 is mounted on end cap 18 
by means of an insulator in the form of a 
^ass bead 26 which is sealed to both die 
50 anode 16 and tiie end cap 18 in a fluid- 
tight manner. 

The collisions of die ionised atoms or 
molecules with the inner surface of the 
cathode cups 8, in addition to giving rise to 
55 die ejection of secondary electrons, also 
causes die material of the cathode cups to 
be sputtered. This material tends to be 
deposited on other components in the in- 
terior of the gauge head. Because this 
60 sputtered material is electrically conductive- 
it is important to ensure that it does not fall 
on die surface of die bead 26 which is in- 
ternal of die gauge head because, if it were 
to do so, the resultant metal film would 
65 short-drcuit the electric discharge by con- 



nectmg the anode electrically to cap 18. To 
prevent this, a shield 28 is threaded on anode 
16 and is hdd in place by means of a spring 
washer 30. The shidd 28 is cup-shaped and 
its edges are spaced sufficientiy from end 70 
cap 18 to raisure that the potential gradient 
between shield 28 and cap 18 is less than 
the breakdown potential of the gas. 

In die illustrated gauge head, the charged 
partides are provided by a source of radio- '5 
active material applied as a coating to one 
or bdier component of the gauge. One 
material which has been found to be par- 
ticularly suitable for such an application is 
thoria, which is the oxide of the radioactive w 
element thorium. Because thoria has a 
radioactivity of only 0.002 ^^Ggm^^ it is suffi- 
cientiy safe to be used without any stringent 
precautions against its radioactivity being - 
necessary. Although the thoria could be 85 
applied as a coating to the length of anode 
16 within die discharge chamber, it has been 
found that this is (Ssadvantageous, as has 
been explained above. It is the feature of 
the present invention that the thoria is 
applied as a coating to a component (or 
part thereof) which is positioned outside die 
discharge chamber 7 of the gauge so tiiat it 
has a greatiy-reduced diance of becoming - 
eontammated. 

In a preferred embodiment of the present 
invention die coated component is the in- 
sulator shield 28. 

Thoria is a source of alpha-partides. 
These can be regarded as high-speed doubly 
positively charged atoms of helium stripped 
of their dectrons. These particles, after 
emission from the external coating on shield 
28. move under the influence of the electric 
fields between die anode 16 and the gauge 
envelope 2, cathode cups 8 and other 
earthed components. Some will enter the 
interior of the discharge chamber 7 through 
the perforations 14 and apertures 22, there- 
after striking the interior walls of the dis- 110 
charge chan3)er. Oiers will strike surfaces 
at gauge envelope potential without enter- 
ing the discharge (iamber. The electric 
fields employed ensure that whereever an 
alpha partide collides with a surface it ejects 115 
on average at least one secondary electron 
which then starts to travd to the anode with 
the chance of colliding with gas molecules 
durmg transit The discharge is thus reli- 
ably established. 120 

Thoria has a half-life which is sufficientiy 
long for the levd of radioactivity diereof to 
remain sufficient for a time which is sig- 
nificantiy greater than the operating life 
of the gauge. 125 

In an alternative form of die present in- 
vention, the source of radioactive material 
could be of some element other than 
thorium For example, it could be in the 
form of a lengdi of radioactive nickel wire 130 
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positioned in the bottom <>£ » P/^^f^ 
groove in the inner surface of the wafl of 
body 4 on the side of the cathode aip 8 re- 
mote from tiie gas inlet 31. Theiadioartive 
.5 l^tope of nickel is Ni63 w^ch fimrtions 
principally as a source of beta-radiataon. 

In practice the radionickel source would 
be sraled from direct contact by those 
assembling or using the gauge, to one pr^ 
10 ferred method of construction the source 
takes the form of pure nickel, wire havmg 
no radioactivity. This core wire « coated 
uniformly with a layer of radiomckel ». 
which in turn is coated with a thm layer of 
15 inert nickel. The outer layer prevente 
radionickel from bemg touched, and yet 
is not too thick to prevent tiie beta-radia- 
tion from bemg emitted by the sotuce ^d 
acting as a source of charged particles 
20 facihteting quick starting of the gai^e. 
In order to prevent the source of radw- 
activity from being viewed extemaDy of tte 
eauee head, when the end cap, 18 b «- 
moved, the source is kept captive m Ae 
25 bottom of the groove m wh.di it B seated, 
as by nipping in the outer parts of w^s 
of the groove to prevent the wure from be- 
tog displaced by the normal gmvitaUond 
and ac^lerational forces to which it woidd 
30 be subjected during normal tantUing and 
usage of the vacuum gauge. The radial 
depth of the groove is appreciably greater 
tliii the radial thickness of the wire so that 
the beta-radiation is forced to pass m a nax- 
is row fan-shaped beam across the mtenor ol 
SrciAode: with the walls of &e groove 
acting to prevent any radiation from pass- 
ing substantially axially along the length of 

40 ^°AccOTdingly. it wiU be seen that the pro- 
sent invention provides a cold catiiode 
vacuum gauge in which radioactive matenal 
is used to ensure that suffiaoit charged par- 
ticle are present at aU times, irrespective 
45 of the gas pressure in the gauge, so ftat a 
StiSactory^discharge is.quicay ^m^^ 
when tiie gauge is energised, tiie radi(»cbve 
material bemg sited m a region outside the 
main dischar|e area and where the discharge 
50 is relatively less intense and in a regionsuch 
tiiat system-arising contammafaon wom 
have to traverse the main discharge area be- 
fore it could encounter the ladioacbve 
material. 
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duding at least one radioactive source of 
diargwl particles positioned witiiin flie gauge 
but Wde tiie discharge chamber thereof 
and on the side remote from the gas inlet oi 
the gauge in such a manner tfiat gases Mid 
vapours from the gas inlet cannot reach tiie 
source of charged particles without tiravers- 
ing the discharge diamber. 

2 A hidi vacuum gauge according to 
dMm 1. wherein flie said source is located 
in a region where tiie magnetic field mten- 
sity is low compared with that m flie dis- 
charge chamber so tiiat any discharges ans- 
ing are less intense. 

3 A hi^ vacuum gauge accordmg to 
claim 1 or 2, wherem tiie said .source is a 
body of radioactive material. 

4 A hidi vacuum gauge according to 
claim 3, wherem the said body of radioactive 
material is in tiie form of a layer of ma- 
terial coated or otherwise deposited on a 
normal component of the gauge. 

5 A high vacuum gauge accordmg to 
daiin 4. wherdn the said normal component 
of the gauge is a shield which prevents ma- 
terial sputtered from tiie catiiode from be- 
ing deposited on an area of the mner sur- 
face of tiie gauge in flie vicimty of tiie 
anode, fliereby to avoid dectncal connec- 
tion of tiie anode to tiie cafliode. . 

6 A high vacuum gauge accordmg to 
claim 3. 4 or 5 vAeran flie radioactive ma- 
terial is thoria. .. .„ 

7 A high vacuum gauge accordmg to 
elaiin 3. wherein flie radioactive material is 
the radioactive isotope of nickel. 

8 A high vacuum gauge accordmg to 
claim 7. wherdn tiie radioactive matenal 
isintheformof a wire. 

9 A high vacuum gauge accordmg to 
claim 8. wherein the wire has a core ot 100 
nidcd havmg no radioactivity coated vwtii 
a uniform coating of radioactive mckel. 
which coating is in turn coated with a ttun 
layer of nidcd having no radioactivity where- 
by fee radioactive nickd cannot >e toudied 105 
but acts as a source of beta particles. 

10 A high vacuum gau^ according to 
daim 8 or 9. wherein flie wre js positioned 
in a peripheral groove in flie inner surface 

vacuum gauge substantially 
as herdnbefore described wifli reference to. 
and as illustrated in. flie accompanymg 
drawings. 
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WHAT WE CLAIM IS : — 

1 A high vacuum gauge of ttie cold 
cathode ionisation ^e employing a mag- 
netic fidd to lengflien tiie dectron pafli. m- 



For the Applicants, 
K. B. WEATHERALD, 
Chartered Patent Agent. 



^ from which copies xnay Obtained. 
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